This report discusses characteristics of a custom-designed vidicon spectrometer and evaluates its applicability to several clinical analysis problems. Data show that the vidicon detector response is linear with intensity over about four orders of magnitude and that the uncertainty in absorbance measurements can approach 0.00 1 absorbance units in the range from 0 to 2 absorbance units. Applications include the enzymatic determination of glucose, the determination of lactate dehydrogenase, and determinations of barbital, chlordiazepoxide, and glutethimide. Capabilities of the instrument system for first-derivative spectroscopy are also discussed. The discussion includes a critical evaluation of the potential advantages and limitations of the concept. 
Because signals from the different detectors can be sampled rapidly and repetitively, optical spectra can be scanned in times as short as 1 ms, with repetition rates approaching 1000 scans per second. As such, these devices offer an alternative approach to analytical spectroscopy (2). A recent report described the application of a vidicon tube in the design of a rapid scanning spectrometer (3). Subsequent to that report, several papers from this and other laboratories have described applications of vidicon and solid-state array detectors for molecular (2) (3) (4) (5) (6) and atomic (4, (7) (8) (9) (10) (11) (12) (13) (14) 
Materials and Methods

Vidicon Spectrometer
Conceptual representation. Figure 1 represents a conceptual comparison of a vidicon spectrometer with a conventional system. In the conventional system, energy from a source is focused on an entrance slit, dispersed by a prism or grating, and refocused in an exit focal plane, where an exit slit isolates a single resolution element, which is detected by a large area detector after it has passed through the sample. In a vidicon spectrometer the exit slit is removed and the active surface of the vidicon detector is placed in the exit focal plane, so that different areas of the detector are illuminated by and respond to different wavelength resolution elements simultaneously. In our system the energy from the source is passed through the sample before it is dispersed, so that the intensity profile along the wavelength axis of the vidicon detector is dependent upon the transmission spectrum of the sample.
The variation in light intensity along the detector array is sampled by sweeping an electron beam across the active surface. As the electron beam moves along the surface it generates an electric current, which is proportional to the integrated light intensity since the surface was last interrogated (2, 16 
Reagents and Procedures
Results and Discussion
Linearity and Precision
One of the first points of interest to the potential user of this or any other spectrometer is the quantitative reliability. Lactate dehydrogenase activity was determined in aliquots of commercially available control serum ("Versatol-E";
Warner-Lambert Laboratories, Morris Plains, N. J. 07950) diluted with a serum blank solution (albumin, 60 g/liter, No. 148B; Hycel Inc., Houston, Tex. 77036) according to previously published chemical procedures (19) . The least-squares slopes of absorbance vs. time data at 350 nm are plotted vs. relative enzyme activity in Figure 4 . The plot and regression data included in the legend demonstrate linear behavior for the assay. Each point on the plot is an average of five values, except at 0.05 ml of serum, where three values were used. The standard deviation for all values is 6.53 U of lactate dehydrogenase per liter. These data for glucose and lactate dehydrogenase demonstrate clearly that the vidicon spectrometer is applicable to kinetic determinations of both substrates and enzymes. It should be noted that the user need not make any mechanical changes in the spectrometer to change from one analysis wavelength to another; he need only instruct the computer at what wavelength(s) the data should be processed. Also, we A, absorption spectra at pH 10 and pH 13; B, difference spectrum, A = In an earlier report we described a unique application of the vidicon spectrometer to the simultaneous determination of lactate dehydrogenase and alkaline phosphatase (EC 3.1.1.3) in the same reaction medium(6).
Drug Determinations
Ultraviolet absorption methods are frequently used for the determination of drugs in body fluids (20) (21) (22) . Because it is often necessary to record spectra of the drugs being determined, the rapid scanning capability of the vidicon spectrometer makes it an attractive tool for these applications.
In this section we present results for the determination of 5,5'-diethylbarbituric acid (barbital), chiordiazepoxide (Librium, Roche), and glutethimide (Doriden, USV Pharmaceutical). We also introduce and illustrate the concept of using derivative spectra for drug analyses and
show how the derivative method may be used to extend the linear dynamic range for selected drugs.
Barbital.
A stock barbital solution (0.4006 g/liter) was prepared by dissolving the sodium salt (Sigma Chemical Co., St. Louis, Mo. 63178) in 1 mmol/liter sodium hydroxide solution. Strongly basic (pH 13) standards were prepared by diluting appropriate aliquots of the stock solution and 10.0 ml of 1.0 mol/ liter sodium hydroxide to 100 ml. Moderately basic (pH 10) standards were prepared by diluting appropriate aliquots of the stock solution with 0.25 mol/ liter ammonium chloride/ammonia buffer, adjusted to pH 10. Figure 5A represents the absorption spectra of barbital at pH 10 and pH 13 and Figure 5B represents the difference spectrum. Analytical procedures usually are based on the peak values of E.A at 240 nm or at 260 nm, or on the difference between these two peak values (20) . Figure 6A represents a plot of the difference in peak values at 240 and 260 nm vs. barbital concentration.
While the plot is linear (see regression data) up to about 22 mg/liter, it also apparently deviates from Beer's law in the case of concentrations greater than 24 mg/liter. That this nonlinearity results from stray energy rather than from any chemical problems are confirmed by the fact that the absorbance difference (L.A) at 260 nm, where both the stray energy and total absorbance are less, was linear over a wider concentration range than were the comparable data for iA at 240 nm. This point alone illustrates a potential advantage of a computerized scanning spectrometer that would permit an analyst to select a wavelength range that is most compatible with the analyte concentration in the sample. The difference between the maxima and minima (240 and 260 nm) provides greatest sensitivity at low concentrations, while the difference at longer wavelength improves the linear dynamic range for higher concentrations.
Another, less-obvious method for taking advantage of the rapid scanning capability of a vidicon spectrometer involves the use of derivative spectroscopy (23) . First-derivative spectroscopy makes use of the slope of the absorbance vs. wavelength plot rather than of the absolute absorbance. It is observed from Figure 5A that the spectrum for the solution of barbital at pH 10 exhibits a maximum slope above 250 nm, where stray energy problems could be less severe than at 240 nm. To demonstrate the relationship between this slope and concentration, we start with Beer's law in the form
and take the partial derivative of the expression with respect to wavelength However, for other examples in which the difference spectra at other wavelengths may not be so pronounced, the derivative method may offer real advantage.
Chiordiazepoxide (Librium).
The ultraviolet absorption spectra of the acidic and basic forms of Librium have been used for the qualitative confirmation of the presence of the drug as well as 'for its quantitative determination (21) . In this work a stock solution of Librium was prepared by extracting the drug from a crushed tablet (Roche Laboratories, Nu- Figure 7A represents the absorption spectra of the acidic and basic forms of the drug. Only those data above about 200 nm are significant. These spectra contain the fine structure observed with a conventional recording spectrophotometer and can be used for both qualitative and quantitative purposes (20). Figure 7B represents the difference spectrum calculated from the acidic and basic spectra. Quantitative analyses could be based on the peaks near 212, 280, 322, or 360 nm, or combinations of these. Figure  8A includes plots of absorbance at 247 nm for the acidic form and absorbance difference at 270 nm vs. concentration.
The A vs. C plot exhibits severe deviation from Beer's law for concentrations greater than about 10 mg/liter. The effect of this deviation is to cause the #{163}4 vs. C plot to turn back toward the concentration axis for concentrations greater than about 20 mg/liter. This results because the absorbance of the basic form continues to increase with concentration toward an upper limit imposed on the acidic form by the stray energy in the dispersion optics. The difference spectrum in Figure 7B and the derivative spectrum in Figure  7C suggest that data at longer wavelengths, where effects of stray energy are less, may be useful for extending the dynamic range of the method to higher concentrations. The plots in Figure  8B demonstrate that both the difference and derivative spectra at longer wavelengths offer excellent linearity to at least 28 mg/liter for Librium.
Glutethimide (Dorider).
A recommended procedure for this drug involves extraction into ethanol followed by a kinetic determination based upon the rate of alkaline hydrolysis of the extracted
drug (22).
A stock solution of the drug was prepared by extracting it into absolute ethanol from a pharmaceutical preparation (USV Pharmaceutical Corp., Tuckahoe, N. Y. 10707). Serial dilutions were prepared in absolute alcohol and equal volumes of the alcohol samples and 0.5 mol/liter potassium hydroxide were mixed for the measurement step. We believe the data presented above demonstrate conclusively that the vidicon spectrometer is a viable tool for clinical analyses.
We also visualize numerous other potential applications of this general class of detectors.
For example, dual-wavelength systems have been introduced to decrease effects of sample background.
Because every experiment with an array detector can generate data at many wavelengths, the user has much freedom in the selection of reference atomic and molecular absorption work, it should be possible to adjust source intensities and dispersion optics efficiencies to levels such that intensities remain high enough to yield acceptable signal-to-noise ratios over wide absorbance ranges (see Figure 2 ).
Another potential limitation of the system described here is the fact that the finite length of the active surface of the detector forces the user to select some compromise between spectral resolution and spectral range covered by a single scan. For example,
in Figure 7A we sacrificed resolution to display a wide range of the spectrum, which is useful for qualitative purposes (21). On the other hand, in Figure 5 we sacrificed spectral range for better resolution. We are working on optical techniques that will take advantage of the two-dimensional character of the detector array to scan different segments of the spectrum at different points along the vertical axis and provide both broad spectral range and high resolution.
Unlike many recording spectrophotometers, the vidicon spectrometer is a single-beam system. Although the fact that background spectra can be recorded so quickly and easily in a computerized system and used for background correction tends to minimize this drawback, the present system is less than ideal in this respect, and this feature merits attention. We believe this report demonstrates that a vidicon spectrometer can be used effectively for most of the routine applications for which conventional systems are used and that it can offer data collection and processing options not normally associated with the more conventional systems. This instrumental concept merits the attention of manufacturers and users of optical instrumentation who wish to expand their measurement capabilities.
